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Abstract
According to Pelczer & Gamboa (2009) the Mathematical problem posing process of the skilled problem posers (teachers, 
mathematically gifted students) is usually cyclic whilst the novices usually pose problems in a linear way. (Cyclic model means 
that the skilled problem poser is able to switch between the phases of problem posing, to learn from his/her mistakes, to 
transform the idea which is not suitable. Linear model is just a simple straight way.)In my study I set expert category. (Expert = 
professional in problem posing, preparing problems for Mathematical competitions such as Mathematical Olympiad.) With 
respect to previous statements the hypothesis would be that the experts will show nearly no signs of linear problem posing 
process. But this is not true – there is some recurrence of linear problem posing in the expert group. The signs of the problem 
posing process are seemingly the same as in the novices’ case. But the background is different. The expertness lies in the fact that 
the expert is so experienced that he/she is able to come with an idea that needs no transformations. During the problem posing 
trajectory the experts usually perform the Final assessment stage. The experts also do not perform multiple Setup stages. (They 
may return to the Setup stage in order to do Transformations but they usually do not restart their work by the use of totally new 
Setup.)
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1. Introduction
Problem posing is an important topic in the didactics of Mathematics. There are two main research streams – the 
first one regards the students posing the Mathematical problems and the second one examines the problem posing of 
teachers or some other skilled problem posers. The first stream lays stress on the student and his/her enrichment 
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through the activity while the second one is focused on the process of posing the problem that is really meant to be 
assigned to students.
As Zhouf (2010) states, there is a constant need of new Mathematical problems. The problem posers must react to
the new conditions in the society as well as to new didactical trends. The Mathematical competitions constantly need 
new original problems.
An insight into the problem posing process of problem posers on various levels of experience may be useful for 
the novices in problem posing as well as for the skilled problem posers. The first ones can find some help how to 
overcome the novices’ difficulties, the second ones can take some inspiration how to improve their work.
The novices’ problem posing is examined by Akay and Boz (2009). They found out that novices have difficulties 
arising from the nature of problem posing (e.g. not knowing the steps of problem posing), difficulties arising from 
the nature of the student (e.g. not being creative), difficulties arising from the lack of mathematical knowledge (e.g. 
not complete understanding of the topic) and difficulties arising from the habits and familiarity (e.g. difficulty to find 
connection to real life).
Kontorovich and Koichu (2012a, 2012b) state that the expert problem poser works with his/her system of 
prototypical problems (his/her personal pool of familiar problems). He/she is driven by a desire to achieve the feel of 
innovation (to pose a problem different form the problems he/she knows).
Pelczer & Gamboa (2009) describe the differences in the problem posing process of novices and skilled problem 
posers. They developed the model of problem posing which consists of five phases: Setup, Transformation, 
Formulation, Evaluation and Final assessment. (The phases may not be in this order. Not all the phases are 
necessarily present in the problem posing process.)
According to Pelczer & Gamboa (2009), the typical problem posing process of the novices is linear. (E.g. Setup –
Formulation – Evaluation). The novices perform very few Transformations; they usually do not make any Final 
assessment. If they are not successful and a simple Transformation doesn’t work, they start again from the very 
beginning. Contrarily, the skilled problem posers usually use a cyclic way. They switch between the phases, learn 
from their mistakes, do Transformations, Final assessment,...
2. Material and methods
This study is a part of the research based on novice – specialist – expert comparison. (See e.g. Patáková, 2013.) 
The specification of these terms is as follows:
x Novices – participants with no experience with problem posing.
x Specialists – participants who have experience with problem posing but not more than their teachers’ profession 
requires.
x Experts – participants posing problems professionally (posers of problems for Mathematical competitions, 
Mathematical textbooks authors, ...)
In the first phase of the research the participants were asked to pose a competition problem for 15-year-old 
students. They were asked to write a self-reflection about their problem posing process. (23 novices, 27 specialists 
and 25 experts participated in this phase.) In the second part the participants were video-typed during their problem 
posing work and reflections of their work were written according to the record. (9 reflections from novices, 9 form 
specialists and 9 form experts were gained in this way.) During the whole work I was collecting the notes from the 
discussions with various problem posers. (This way I gained 15 descriptions of problem posing of novices, 18 of 
specialists and 10 from novices.) This means that altogether I worked with 145 problem posing trajectories.
In this study the results of examining whether the problem posing process of the participants was linear or cyclic 
(according to terminology of Pelczer & Gamboa, 2009) will be shown. 
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3. Results
We know that the problem posing process of novices is usually linear whilst the specialists usually follow the 
cyclic way (Pelczer & Gamboa, 2009). Thus the hypothesis could be that the problem posing process of experts will 
be cyclic nearly in all cases. 
Surprisingly, this is not true. If we have a look at the Fig. 1, we can see that the ratio of experts who used the 
linear way of problem posing during the experiment is higher than the same number in the specialists’ case. 
Fig. 1. The ratio of respondents who worked in a linear way
Let’s have a look at two examples of expert linear way:
3.1. Case of evzen
Evzen is an expert problem poser, the member of the team preparing problems for high school Mathematical 
Olympiad and Mathematical Kangaroo.
He was asked to pose a problem based on the theorem: The triangles of different shape, whose sides are equal and 
the corresponding altitudes are equal as well, have equal areas.
1. His trajectory of problem posing was as follows:
2. He draws a picture of two triangles with the given property.
3. His first idea is that it would be good to have the altitude given. The students would have to search for the 
rectangle side which could be good because this is not a typical textbook problem.
4. He tries what happens if the point A and the size of the altitude va are given. Would it be possible to find the 
point B?
5. He doesn’t like the situation – there are too many possibilities for B.
6. He tries to add another vertex and the area.
7. He solves the problem and he likes it. 
8. He adds the values: va = 4 cm, S = 10 cm2.
9. He considers his problem to be not a typical textbook problem, he likes it.
The final problem is:
Given the points A, C. We know that va = 4 cm and SABC = 10 cm2. Find the point B.
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Comment: Evzen goes through the Setup phase (1., 2.), Formulation phase (3., 5., 7.), Evaluation phase (4., 6.) 
and even Final assessment phase (8.). But the only real sign of the cyclic way in his trajectory is the presence of the 
Final assessment phase. If it weren’t for this, his problem posing trajectory would be linear. 
Another thing which refers to linear way as well is the time factor. It took Evzen only 9 minutes. All other 
respondents solving the same task (to pose a problem based on the above mentioned theorem) spent 43 – 91 minutes 
on this activity.
3.2. Case of eva
Eva is an expert problem poser, the member of the team preparing problems for lower secondary school 
Mathematical Olympiad. Eva was asked to pose a problem based on the inspiration by the following problem:
Given a six-digit number. The sum of its digits is an even number; the product of its digits is an odd number. Which 
of the following statements is true?
(A) Exactly two or four of its digits are even.
(B) Such a number cannot exist.
(C) The amount of odd digits of the given number is odd.
(D) The number can consist of six different digits.
(E) None of the above.
(The problem is my one. It was published in the competition Mathematical Kangaroo, category Junior, 2012/2013.)
Her trajectory of problem posing was as follows:
1. Eva solves the given problem.
2. She thinks about odd and even numbers – this includes divisibility by 2. What about examining divisibility 
by some other prime number – e.g. 3?
3. She thinks through the situation. Both sum and product of the digits are divisible by 3. It implies that at 
least one of the digits itself is divisible by 3.
4. She likes the idea – it could form a good basis for the problem.
5. What about working with several prime numbers, not only one? E.g. 2; 3; 7; 11.
6. She tries to solve the problem and she likes it – she considers it to be difficult and interesting.
7. She finds a contradiction – the product of the digits cannot be divisible by 11 (two-digit prime number).
8. She leaves the number 11 and works only with numbers 2; 3 and 7.
9. She wants the problem to be easier so she changes the amount of digits of the given number – now she 
works with four-digit given number.
10. She adds the requirement that none of the digits is zero. (If it could be zero, the statements about 
divisibility could be fulfilled in a trivial way).
11. She states that the situation is a pleasant surprise for her. E.g. the requirement that the product of the digits 
is divisible by 7 implies directly that one of the digits is 7. 
12. She finds another contradiction – the sum of the digits of the four-digit number should be at least 42 to 
fulfill all the conditions – this cannot be true.
13. She finds out that the amount of digits of the number doesn’t have to be given. It could be a part of the 
problem for the students – to find the smallest number fulfilling all the requirements.
14. The problem and its solution is a big surprise for her – she finds many interesting features of the problem. 
15. She compares her problem with the given one. She likes her problem. She says that her problem is more 
demanding. She also makes better use of the context of a “big number”. In a given problem it was only 
a means how to formulate the problem, in Eva’s problem it is an essential part of problem assignment.
16. She checks whether everything is correct.
17. She likes her problem; she says it could be a good competition problem for approximately 15-year-old 
students.
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The final problem is:
Find the smallest natural number with non-zero digits meeting these requirements: The sum of its digits is 
divisible by 2; 3; 7.The product of its digits is divisible by 2; 3; 7 as well.
Comment: This problem posing trajectory is cyclic. Eva uses Transformations in order to improve the features of 
her problem; she performs her Final assessment phase.
On the other hand – she performed quite a straight way from the initial idea up to her Final problem. She has not 
dropped any idea. She formulated something really close to her final problem just at the end of the Setup phase. Her 
Transformations were quite minor. 
She herself says: “This problem – well, it was just a big piece of luck. I just tried what would happen if there were 
more prime numbers. And I straightaway managed to find a lovely problem. Just after I tried to solve it, I found how 
many good Mathematical features the situation contained. Well, maybe I shouldn’t admit it... But if I planned all 
these features in advance, it would be much more difficult for me to pose a problem like this.”
The time factor is similar as in Evzen’s case. It took her 10 minutes to pose this problem whilst the other 
respondents needed 19 – 72 minutes to process the task.
Summarily it can be said that Eva’s problem posing trajectory was cyclic but on the other hand there were quite 
a lot of signs of a linear way as well.
4. Discussion
It is known that the problem posing process of novices is mostly linear whilst the problem posing process of 
skilled problem posers is mostly cyclic (Pelczer & Gamboa, 2009). But the hypothesis that “the more skilled the 
problem posers are, the less the linear way occurs“, is not true. We looked in detail at two cases – two expert 
problem posing trajectories that were nearly linear or assigned linear signs.
The linear way of the problem posing process assigns the same signs as linear problem posing process typical for 
novices. But there are some differences:
In the novices’ case the multiple occurrence of the Setup phase is quite common. The novice comes with some 
Mathematical situation (Setup phase), tries to solve it and if he/she is not successful, he/she doesn’t do any 
Transformations and leaves the situation completely. Then he/she tries to find some new idea – to come with a new, 
different Setup phase.
This is something which is never connected with expert linear problem posing. The expert is skilled enough to 
use a cyclic model. So if the expert comes with an idea (Setup phase) which shows not to be good enough to form 
a problem itself, he/she tries to improve it through Transformations. In the other words – if an attempt to pose 
a problem in a straight (linear) way fails, the novice usually gives it up, whilst an expert turns to a cyclic model. 
The reason why the occurrence of linear way is more frequent than in specialists’ case is just the amount of 
experience. The experts are skilled enough to come with ideas that show to be rich enough to form a good 
Mathematical problem with nearly no revisions.
Another important difference in expert way of linear problem posing type is the presence of Final assessment. 
The experts are used to look back at their problem posing process, they feel need to assess the quality and possible 
use of their problem, they can learn from their work for their future activities. The novices are usually simply happy 
that they managed to fulfill the demanding task to pose a problem.
5. Conclusion
Despite the fact that linear model of problem posing is typical for novices and cyclic model for skilled problem 
posers, the experts (very skilled problem posers) sometimes return to a linear way. The reason is that they are skilled 
enough to come with an idea that does not need any revisions. 
The main differences between novices’ and experts’ type of problem posing are: 
1. Experts usually do not perform multiple Setup stage. 
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2. Experts usually perform Final assessment stage.
In conclusion it can be said:The novices do not have enough experience to afford anything else than linear 
problem posing whilst the experts are experienced enough that they can afford linear way.
Acknowledgements
The study was supported by SVV 260 108/2014, V]GČOiYiQtDYêFKRYDYNRQWH[WXSURPČQVSROHþQRVW.
References
Akay, H., &Boz, N. (2009). Prospective Teachers` Views about Problem-Posing Activities. Procedia – Social and Behavioral Sciences.,1, 1192 
– 1198.
Kontorovich, I., Koichu, B. (2012a). Feeling of innova-tion in expert roblem posing. Nordic Studies in Mathematics Education, 17(3 – 4),              
199 -212.
Kontorovich, I., Koichu, B. (2012b). Achieving the feeling of innovation in expert problem posing. In Proceedings of the 18 th MAVI 
Conference.Available online:http://edu.technion.ac.il//personal _les/1501362842839.pdf [cit. 5.10.2013]
Patáková, E. (2013). Teachers' Problem posing in Mathematics. Procedia – Social and Behavioral Sciences, 93, 836 – 841.
Pelczer, I., Gamboa, F. (2009). Problem Posing: Comparison between Experts and Novices. In Proceedings of the 18th International Conferrence 
of the International Group for the Psychology of Mathematics Education, Vol. 4. 353 – 360.
Zhouf, J. (2010) 7YRUEDPDWHPDWLFNêFKSUREOpPĤSURWDOHQWRYDQpåiN\. Praha : PedF UK.
